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© Food container. 

© A food container is produced by laminating a non-foam film of a thermoplastic resin on at least one side of 
the foam sheet of a thermoplastic polyester resin having a degree of crystallinity of 15% or more to obtain a 
laminated sheet, and molding the laminated sheet into a container in such a manner that the non-foam film is 
positioned inside the container. 
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This inv ntion relates t a process for producing a thermoplastic polyester resin foam by extrusion, and 
also^ tol fester resin foam product which giv s fin cells uniformly formed at a Nh = 
So and does noYcLe the generation of colored contaminants in the ^^"^^Sv 
operation, It also relates to a thermoplastic polyester resin foam sheet excellent ,n thermoformab, hty. 

The polyester resin foam of the present invention is high in rigidity, though the foam "^ow densrty 
and is lightweight. Further, the foam is excellent in heat resistance, chemical ras^, J^msulahng 
^pities and shock-absorbing properties and can be widely used. Particular^, the *™ 
sheet* suitable for use as a material which can be thermoformed into heat-res.stant food contamers. 



BACKGROUND OF THE INVENTION 



Thermoplastic polyester resins such as polyethylene terephthalate and polybutylene terephttdate are 
excellent inmechanical characteristics, heat resistance, chemical resistance and <^""*L^£ 
are widely used in the fields of injection-molded articles, fibers and films. However, rt is drfficult that the 
^a^lyester resins during metting are brought into such viscoelastic 

be obtemed. Hence, a blowing agent is easily released during foam extrusion and rt.s difficutt ^toobtoin 
^ foams wherein fine dosed cells are uniformly formed. To solve this problem, there was proposed a 
SodTherein diglycidyl esters are incorporated in aromatic polyesters in the foam extrusrcn of 
Somatic polyesters [see JP-B^1-48409 (the term "JP-B" as used herein means an examined Japanese 
P^nrpuWiLion)]. in the foam extrusion of thermoplastic polyesters. *ere was proposed a method 
wS^oolyfunctiona. dtolyckiy. esters and polygonal carboxylic 

thermoplastic polyesters to improve the melt viscosity of the thermoplastic polyesters [see. JP-A 59-210955 
(the term "JP-A" as used herein means an "unexamined published Japanese patent application )]. 
( ^present inventors have been engaged in the production and study of extruded ^sformany 
vears and have had experience in that when the foam extrusion comprising a thermoplastic pory^term 
Sr^v^ digrycidyTester compounds is subjected to continuous long run. the , resutong foam b^mes 
ScXS^e present inventors have continued to make the study and found that when pyromel.mc 
SSL b m^with a thermoplastic pCyester without using any diglycidyl ««<«A *» 
resulting foam is not colored and burned even when foam extrusion is continuously conducted over a long 

^T^Sent inventors have further continued making the study and found that when compourds having 
two or more acid anhydride groups per molecule such as pyrome.litic dianhydnde ^co^ndsof Group 
III or III metals of the Periodic Table are added to thermoplastic polyester rears the v^asticrty of *e 
molten materials is improved and at the same time, there can be obtained foams havmg high tensile 
elor^ation^d^fi^rce^ ^ ^ ^sesthat 

oolvester resin foam sheets can be thermoformed into heat-resistant food containers which can be used in 
^aS^atioTHowever. the method disclosed therein has disadvantages , In •« <»» 

mVmelt viscosrty is low when a polycarbonate is merely mixed, but carbon dwxide liberated from the 
Syc^aTTs u^ as a btowing^gent. expansion ratio is tow. heat resistance is poor and the container 
cannot be removed with the bare hands when used for heating or cooking foodsjn m.crowa^ ovens^ 

™ e present inventors have found thermoplastic polyester resin foam she*te ha^ a high expans.on 
ratio, good heat insulating properties and excellent thermofoamability in the arxmniescnbed study. 
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Accordingly, it is an object of the present invention to provide a process for producing a autoplastic 
polyester resin foam which is highly expanded by adjusting viscoelastic properties dunng melting .n the 
extrusion foaming of thermoplastic polyester resins. . . ^ . r 

ttTanother object of the present invention to provide a process for producing a thermoplastic fester 
resin foam which does not cause the generation of colored contaminants therein even when long-term 
continuous operation is conducted in the extrusion foaming f thermoplastic polyester resins. 

tt is still^nother object of the present invention to provid a process for producing a thermoplastic 
polyester resin foam having uniform fine cells in the extrusion foaming of therm plastic 

It is anoth r object of th present inv ntion to pr vid a th rmoplastic polyest r resin foam excell nt in 
tensil str ngth and tensil longation in xtrusion foaming. 
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K is still a furth r bject of the present inv ntion to provid a process for producing a thermoplastic 
polyester resin foam which is highly expanded and has xcell nt heat resistance by re-heating an extrusion- 
xoanded th neoplastic polyest r resin foam to carry out post-expansi n. , _ 

TTaLTr object f th present inv ntion to provide an xtruded foam sheet of a thermoplastic 
Dolvester resin, which is excellent in formability such as thermoformability. 

ft is still a further object of the present invention to provide a heat-resistant food container which is 
obtained by thermoforming an extruded foam sheet of a thermoplastic polyester resin and can be used in 

dual ovenable applications. J iL _^ , . 

The present invention is intended to achieve the above^Jescribed objects and the essentials of the 

present invention resides in that 4. 

(1) a process for producing a thermoplastic polyester resin foam comprising melting a thermoplastic 
polyester resin, mixing the molten resin with a blowing agent and extruding the mixture into a low- 
pressure zone to carry out foaming, characterized in that a compound having two or more acid anhydnde 
groups per molecule is added to the thermoplastic polyester resin; . . 

(2) a process for producing a thermoplastic polyester resin foam comprising melting a thermoplastic 
polyester resin, mixing the molten resin with a blowing agent and extruding the mixture into a low- 
pressure zone to carry out foaming, characterized in that a compound having two or more acid anhydnde 
groups per molecule and a compound of a metal of Groups I. II or III elements of the Penodic Table are 
added to the thermoplastic polyester resin; ^_ tnmn ^^,, ro 

(3) a process for producing a thermoplastic polyester resin foam compnsing cooling a h.gh-temperature 
thermoplastic polyester resin foam immediately after expansion to a temperature of not higher than the 
glass transition point of the resin to thereby bring its crystallinity to 30% or lower and then heating the 
polyester resin foam to 60 -C or higher; u^y^i^n 
M) a thermoplastic polyester resin foam sheet which is an extruded foam sheet erf a thermopile 
polyester resin and has a crystallinity of not higher than 20% and an molecular orientation ratio of 4.5 or 
below looking in a direction from the surface of the foam sheet; and 

(5) a food container prepared by bonding a non-foam film of a thermoplastic resin to at least one side of 
a thermoplastic polyester resin foam sheet to obtain a laminated sheet and thermoforming the sheet into 
a container in such a manner that the non-foam film is positioned inside. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 to 3 are sectional views of means for carrying out re-heating according to present invention. 

Figure 4 shows diagrammatical* one embodiment of a means for continuously carrying out re-heatng 
according to the present invention. 

Figure 5 is a graph illustrating the results of Test Example 2. 

Figure 6 shows a side view of a food container according to the present invention. 

Fiqure 7 shows a planar view of a food container according to the present invention. 

Figures 8, 9 and 10 are electron microscopic photographs which show the shapes of cells of the foams 
prepared in Examples 9. 12 and 17. respectively. 

DETAILED DESCRIPTION OF THE INVENTION 

In the production of the polyester resin foams of the present invention, extruders are used- Thermoplas- 
tic polyester resins are melted under an elevated pressure in the extruders and the molten resins are 
extruded through die into a low-pressure zone to produce foams. 

In the production of the polyester resin foams of the present invention, compounds having two or more 
acid anhydride groups per molecule are added to thermoplastic polyester resins^By adding the^mpou^s 
having two or more acid anhydride groups per molecule, the viscoelast* properties of *e thermoplasbc 
polyester resins during extrusion can be improved, whereby gasified blowing agents can be retained in the 
interiors of closed cells and uniformly dispersed fine cells can be formed using extruders 

ft is believed that the compound having two or more acid anhydride groups per molecule is bonded to 
OH groups in the molecule chain of the thermoplastic polyester resin and crosslinking gently takes place, 
wh reby the viscoelastic properties of th th neoplastic polyester resin during extrusion can be 'rnproved^ 

Th term "viscoelastic properties during m King- can be confirmed by a phenom non wh rein th 
molten resin is sw II n or shrunk from the outlet of the die when the m Ken resin is extruded through th 
di and can be generally r presented by a die sw II ratio. Th die sw II ratio can be measured when a 
moften resin is extruded through a round orifice di having a circular secti n. D. swell rate) can be 
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determined by tti following formula 

( niaaet er of extruded melt) 
Die swell ratio = (Dlameter c f outlet of die) 

Die swell ratio is an important factor in extrusion foaming, ft is preferred that die swell ratic .is, i ! to 5 in 
order to obtain foamed articles having a large sectional area and uniformly Aspersed fine cells '"f«^ar 

In the present invention, a blend of a thermoplastic polyester resin and a <™P™* J™"9 *"» 
acid anhydride groups is moften in an extruder, a blowing agent is generally injected into the moften blend 
the resulting moften blend is extruded through the die of the extruder for foaming .nto a low-pressure 

ro Tan P ^mbS'ent of the present invention, a compound having two or T?^^^^ 
per molecule and further a compound of a metal of Group I. II or III elements of the Periodic Table are 
SdJ.o a thermoplastic polyester resin. In the same manner as that described above, the resuftmgj tend 
is fed to an extruder to produce a foam. By adding a compound of a metal of Group I, II or III elements of 
the Periodic Table, there can be obtained a thermoplastic polyester resin foam having finer cells unrformly 

20 diSP Tr^SSc polyester resins used in the present invention are linear polyesters of polycondensates of 
an aromatic dicarboxylic acid component and a diol component. 

Examples of dicarboxylic acid components which can be used in the present invention include 
terephthalic acid, isophthalic acid, naphthalenedicarboxylic acid, diphenyl ether carboxyhc acd, d.phenyl 
sutfone dicarboxylic acid and diphenoxyethanedicarboxylic acid. 

Examples of diol components which can be used in the present invention include ethylene g^yco , 
trimethytene glycol, tetramethylene glycol, neopentyl glycol, hexamethylene glycol, cydohexanedimethano I. 
SS^^methanol; ^-b^-hydroxyethoxyphenyDpropane. 4,4^ W -hydroxyethoxy)diphenyl suh 

^^^^^ terepht^ate. poWbu»,ene terete « ^ amor- 
phous polyesters, polycyclohexane terephthalate. polyethylene naphthalate and mrxtures thereof are prefer- 
*r u seV as the polySters comprising these dicarboxylic acid components and the*, dirt components. 
Modified resins composed of at least 50% of these thermoplastic polyester resins can be used. 

Any of aromatic%dd anhydrides, cyclic aliphatic acid anhydrides, fatty acd anhydndes, hatogenated 
acid anhydrides, etc. can be used as the compounds having two or more acid anhydnde groups per 
molecule so long as they have at least two acid anhydride groups per molecule. Further matures thereof 
a^SfS compounds" thereof can be used. Preferred examples of the compounds mdude ^pyrorr^hc 
dianhydride. benzophenonetetracarboxylic dianhydride, cydopentanetetracarbo^teAanhydnde diphenyl 
sXnVtetracarbo^lfc dianhydride and ^2.5^ox<^ydr^furanyl)-3^eth y l-3^ctohexen-1^-d,car- 
boxvlic dianhydride. Among them, pyromellitic dianhydride is more preferred. 

Tr?e compounds having two or more add anhydride groups per molecule are used man amount of 
preferably 0.05 to 5.0 parts by weight per 100 parts by weight of the thermoplastic Polyester ^es.n. When 
the amount of the compound having two or more add anhydride groups per ">oleculejs le^ than 0_05 part 
bv wetaht per 100 parts by weight of the thermoplastic polyester resin, an effect of improving the 
45 viscoelasBc properties of the thermoplastic polyester resin during extrusion is not sufficient and good foam 
c2S be formed, while when the amount exceeds 5.0 parts by weight, the getobonof the molten matenal 
of the thermoplastic polyester resin proceeds and extrusion foaming cannot be effected. 

Any of inorganic compounds and organic compounds can be used as the compounds of mefcdsof 
Group I II or III elements of the Periodic Table, so long as they have these metals as their ^nstrtuent 
so atoms Examples of the inorganic compounds include potassium chloride, sodium chlond* sodium 
hydrogencarbonate. sodium carbonate, potassium carbonate, zinc carbonate, magnesium carbonate.j cal- 
dum carbonate, aluminum carbonate, sodium oxide, potassium oxide, zinc ox.de, magnesium oxide 
cateium oxide, aluminum oxide and the hydroxides of these metals. Examples of the o^compounds 
Se sodium stearate. potassium stearate. zinc stearate. magnesium stearat . calcium stearate, aluminum 
55 Se^^dium montanaTSdum montanate. lithium acetate, sodium acetate, zinc acetate, magr^um 
acetate, calcium acetate, sodium caprylate, zinc caprylate. magnesium caprylate. calaum capryte^ 
aluminum caprylate. sodium myristat . zinc myristate, magnesium myristate. calcmm mynstat aluminum 
myrST SSum benzoate. potassium terephthaJate. sodium t rephthalate. sodium thoxid and potassium 



25 



30 



35 



40 



4 



EP 0 547 033 A2 



10 



is 



20 



25 



oh noxide Among them, the compounds of Group I or II metals of th Periodic Table ar pref rred and the 
t^s^Z^i metals are more preferred. By using the compounds of Group 1. 1. or ... metofc the 
cTs^mT resulting thermoplastic polyester resin foam ar mad fin r and at th same time, an effect of 

by th impound having two or m r acid anhydrid gr ups per molecule can 

66 'Z^pounds of Group I. II or III metals of the Periodic Table are used in an amount of 0.05 to 5* 
r^v^St per 100 parts by weight of the thermoplastic polyester resin. When the amount of *e 
cCo JndTL *an 0.6^ by weight, effects of making the cells of the resulting foam hner and the 
eSc7<i incasing the vi^oelasticrty by the compound having two or more anhydnde groups arenot 
sSS white when me amount exceeds 5 parts by weight, the resulting foam is colored and the vscosrty 
ftf the molten thermoplastic polyester resin is not high enough. 

Z cJ^S ients Sn be used in the production of the thermoplastic poryester resin foams o.^e 
□resent iLnton soTong as they are easily vaporizabte liquids or thermally decomposable chermcals Easy 
vaST £££ aglms such as inert gases, saturated aliphatic hydrocarbons, saturatec I alicydic 
hy^o^s amma^hydrc.carbons. halogenated hydrocarbons, ethers and ketone, are 
Ses of these easy vaporizable blowing agents include carbon dioxide, nrtrogen. methane, ethane, propane, 
oSnt.^e. heX. methylpentane, dimethylbutane. methytcyctopropane. cyclo^e^cydo^ 
mXtcvclopentane. ethylcyclobutane, 1.1.2-trimethylcydopropane, tnchlorormjnofluoromettiane. d,ch- 
monochlorodrfluoromethane, tnchlorotnfluoroethane. dichlc.otefrafluo^ar^^ch- 
Suo^hane. monochlorodifluoroethane, tetrafluoroethane. dimethyl ether. 2-ethoxyethane, acetone^ 
13 XI ketone, acetylacetone. dichlorotetrafluoroethane, monochlorotetrafluoroethane. d.ch- 

loromonofluoroethane and difluoroethane. , . Qr r „ in 

Usually the blowing agent is injected into the molten Wend of the thermoplaste polyester res.n. the 
comS haTng L or more acid anhydride groups per molecule and other additives on *e way of an 
amount of the Wowing agent to be injected is from 0.05 to 50% by w^ght based on Je 
inTof *e molten blend. When the amount of the blowing agent is less man 005% by ^^e 
n^ng foam is not sufficiently expanded, white when the amount is more than 50% by w«gMJhe gas of 
mTbZing agent is not accommodated for foaming, but blows off and the foam cannot be formed .rrto a 
d^irersnloT^e preferred amount of the bfowing agent is 0.1 to 30% by weight based on the amount of 

30 *° Ruction of the thermoplastic polyester resin foams of the presen t invention sto^ 

expansion nucteating agent, pigment, filler, flame retarder and antistatic agent may be penally added to 
Se^Sn bte^f to improve the physical properties of the thermoplastic polyester res.n foams and molded 

as "TtJTp^duction of the thermoplastic polyester resin foams of me present inver^on ^ can be 
carried out by any of blow molding process and extrusion process using angle screw extruder, multiple 

"^^KSSSSS- or the b.ow molding process are flat dte, circutor die and nozzle die 

m ^e^uctrofl^SS 

can be mEed with the compound having two or more acid anhydride groups per molecule and other 

additives by any of the following methods. . wHriH _ 

(AT The thermoplastic polyester resin is mixed with the ^^^ZZ^O^tSe 
groups per molecule at a low temperature (e.g.. a temperature of not h,gher than 150 C). (Fo. ^«amp£ 
« »e JowVer of the compound having two or more acid anhydride groups per molecule ,s stuck on the 

JSSSS STSStSl anhydride groups per molecule is previously men-m *ed £ 
a m^SS ^esin the mixture is palletized and the pellet is mixed with the thermoplastic polyester 
^ffSS^^ may bTthe same as or different from me thermoplastic polyester resin, 
so but is preferably one compatible with the thermoplastic polyester resin). 

T) Periplastic polyester resin is previously fed to an extruder hopper to mettrt and the 
c^poL^g two oV more acid anhydride groups per molecule is fed through a feed open,ng 
provided at the cylinder of the extruder to effect mixing. . K1 . ... . „ ___„ „ 

In anv of the above mixing methods, the moisture cont nt of the resrn blend should be as small as 
« poJL. and TrXed to p! ferably not high r than 200 ppm. It is pref rred mat th »p,^c 
pZest r resin is dried at a temperatur of 60 to 180- C with hot air having a dew point of not higher than 
-20 *C in a dehumidrfying hot-air dry r for about 4 hours. 
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The present inv rrtion also relates to a process for producing a thermoplastic polyester resin foam, 
which comprises cooling a high-temperature thermoplastic polyester resin foam immediately after xpansion 
to a temperatur of not high r than th glass transition point of the resin to bring the crystallinity to 30% or 
below and then heating the foam to higher than 60* C. 

5 Pre-expanded (primarily expanded) foam extruded through an extruder has only a low expansion ratio 
and usually a high density. The expansion ratio varies depending on the shapes of foams, but is about 5 
times at most when the extruded foam is a sheet. In the present invention, the thus-obtained pre-expanded 
foam, while its temperature is high immediately after extrusion, is cooled to a temperature of not higher than 
the glass transition point of the polyester resin. The glass transition point of the polyester resin varies 

10 depending on the types of carboxylic acids and alcohols which constitute polyesters, but is generally in the 
range of 30 to 90 • C. Hence, the foam is generally cooled to a temperature of not higher than 60 • C. 

When the pre-expanded foam is cooled, it is settled without having time to crystallize, and hence the 
crystallinity thereof is low. The crystallinity varies depending on the degree of cool For example, the 
crystallinity varies depending on the type and temperature of cooling media and the contact conditions of 

is the foam with the cooling media. When the pre-expanded foam prepared by extrusion is brought into 
directly contact with water at room temperature, the crystallinity thereof is several % to ten-odd %, 
generally not higher than 30%. However, when the pre-expanded foam prepared by extrusion is put into a 
mold to shape it, crystallinity becomes 30% or higher, since the foam is not cooled unless the mold is 
forcedly cooled. Particularly, the crystallinity of thick-wall pre-expanded foam becomes 30% or higher. 

20 Accordingly, when the pre-expanded foam is prepared by means of the extruder, the foam is allowed to 
proceed along a cooled mold to thereby cool it. 

In order to conduct effectively the cooling of the pre-expanded foam, it is desirable that the foam has a 
large surface area in comparison with its volume. Namely, it is desirable that the foam is in the form of a 
sheet, if possible and its thickness is not more than 10 mm, preferably not more than 3 mm. When the 

25 sheet is cylindrical, a mandrel is put into the inside of the cylinder, the sheet is allowed to proceed along 
the mandrel which is cooled with water and the length of the mandrel should be as long as possible. On the 
other hand, when the sheet is a flat sheet, the sheet is put between a pair of rollers and allowed to proceed 
while cooling and at the same time, the rollers are cooled with water and the diameters of rollers should be 
as large as possible. In this way, the crystallinity of the pre-expanded foam is brought to 30% or below. 

30 The foam is then re-heated to carry out post expansion (secondary expansion). For post expansion, the 
foam is heated to 60* C or higher. Any of heating means can be used. For example, heating may be 
conducted by conduction in contact with a heating plate. Alternatively, heating may be conducted by 
radiation, convection or high-frequency power. Any of heating media can be used, so long as polyester 
resins are not deteriorated by them. A preferred heating method is such that the pre-expanded foam is 

35 brought into contact with a heated metal or air or with steam or heated water. 

The heating time for the post expansion is determined according to the properties of the resins, the 
shape and the type and temperature of the heating medium. Generally, when the temperature of the heating 
medium is low, heating time is prolonged, while when the temperature is high, heating time is shortened. 
Further, when the foam is thick-walled, heating time is prolonged, while when the foam is thin-walled, 

40 heating time is shortened. 

It is preferred that a metal plate is heated to 60 to 200 • C and the pre-expanded foam is brought into 
contact with the metal plate for 5 seconds or longer when the foam is heated by bringing it into contact with 
the metal plate. When the pre-expanded foam is heated by bringing it into contact with air, it is preferred 
that the foam is put into an oven, the temperature within the oven is elevated to 100 to 230 *C and the foam 

45 is heated for 10 seconds to 5 minutes. It is desirable that when the foam is heated by the metal plate or air, 
the foam is left to stand for at least 24 hours, usually about 3 days after the pre-expansion and then is 
subjected to the post expansion without conducting post expansion immediately after pre-expansion. 

On the other hand, when the pre-expanded foam is heated by bringing it into contact with steam or hot 
water, post expansion can be carried out immediately after pre-expansion. In this case, the temperature of 

so steam or water is 60 to 125 • C and contact time is 10 seconds to 5 minutes. 

The polyester resin foam can be brought into contact with steam or water by various methods. For 
example, the foam 1 may be immersed in heated water 2 as shown in Fig. 1. In Fig. 1, a numeral 8 means 
a burner. In another embodiment, a metal gauze 3 is placed above the surface of heated water and the 
foam 1 is placed on the metal gauze 3 and is brought into contact with steam 4 which is evaporated from 

55 water 2 as sh wn in Fig. 2. In other embodim nt, pressurized steam 4 is blown into a container 9 containing 
the foam 1 as shown in Rg. 3. 

It is preferred that the foam is placed in a mold and molded into a desirable shape when th foam is to 
be heated by bringing it into contact with water or steam. When a mold is used, water or steam is 
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introduced into the mold to th reby bring the foam into directly contact with water or steam. 

When th polyester resin foam is heated to 60' C or higher by bringing it into contact with water or 
steam in th manner described above, the foam is post-expanded to form a foam having a low d nsity. 
Gen rally, highly post expansion can be easily conducted by heating with water or steam rath r than air. 
Further, steam is more preferable than water. When heating is conducted with water or steam, the post 
expansion ratio is at least 1.3 though it is lower than the pre-expansion ratio, and it is possible that the ratio 
is 4 or more. In addition thereto, expansion can be uniformly carried out and the resulting post-expanded 
foam has fine, uniform cells. In this way, a low-density foam of good quality can be obtained. 

Thus, when the pre-expanded foam is heated, not only a low-density foam can be readily obtained, but 
the post^expanded foam can be rendered to have a crystallinity of 15% or more. A foam having a 
crystallinity of 15% or more is a foam which is very excellent in heat resistance in a heating atmosphere 
and can be used for heat-resistant food containers, heat insulating materials, etc. 

Further, the mett viscosity, die swell ratio, etc. of the thermoplastic polyester resins are adjusted in the 
process, of the present invention to produce extrusion foam sheets. The extrusion foam sheets of the 
thermoplastic polyester resins have a density of preferably not higher than 0.7 g/cm 3 , more preferably not 
higher than 0.5 g/cm 3 . When the density exceeds 0.7 g/m 3 , heat insulating properties, lightweight properties 
and cushioning properties as foam sheet are lost. H has been found that the extrusion foam sheets having a 
crystallinity of not higher than 20% and a molecular orientation ratio of not higher than 4.5 in the direction of 
face of foam sheet are preferred from the viewpoint of thermoformability. It is difficult to lower the 
crystallinity through the thickness, since the extrusion foam sheet immediately after extrusion has heat 
insulating properties. However, post thermoformability can be improved by lowering the molecular orienta- 
tion ratio to a specific value or below. 

The molecular orientation ratio of the extrusion foam sheet looking in a direction from the surface of the 
foam sheet can be adjusted to 4.5 or below by controlling expansion in the direction of extrusion and in the 
as direction crossing the extrusion direction. As a preferred method therefor, there is generally used a method 
using a circular die and a cylindrical mandrel. Namely, expansion in the direction of extrusion can be 
controlled by the ratio of the average flow rate of a foamed resin to a take-off speed in the direction of 
extrusion at the outlet gap of the circular die, and expansion in the direction crossing the extrusion direction 
can be controlled by the ratio (hereinafter referred to as blow-up ratio) of the diameter of the outlet of the 
30 circular die to the outer diameter of the mandrel. 

Crystallinity is determined from quantity of heat of cold crystallization and quantity of heat of fusion in 
heating by heat-flux DSC (differential scanning calorimetry) in the measurement of heat of transition 
according to JIS-K-71222 (Method for measuring heat of transition of plastics). Namely, crystallinity is 
determined by the following equation. 
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(Quantity of heat of fusion per 

mol) - (quantity of heat of 

cold crystallization per mol) ^ ^ 

Crystallinity (%) - fcifcf of heat of fusion per 

mol of perfect crystallized 



resin 



Crystallinity was measured by using differential scanning calorimeter DSC 200 manufactured by Seiko 
K.K. For the quantity of heat of perfect crystal fusion of polyethylene terephthalate, there was used 26.9 
kJ/mol from Kobunshi Deta Handobukku (published by Baifukan KK). 

Molecular orientation ratio in the direction of face of foam sheet is the ratio between the maximum value 
so of intensity of microwave transmitted through foam sheet and the minimum value thereof when the surface 
of foam sheet is perpendicularly irradiated with a polarizer (manufactured by Kanzaki Paper Mfg. Co., Ltd.). 

Further, food containers can be produced by bonding a non-foam film of a thermoplastic resin to at 
least one side of the extrusion foam sheet of the thermoplastic polyester resin according to the present 
inv ntion to form a laminated sheet and th rmoforming it into a food container in such a manner that th 
55 non-foam sheet is positioned insid . 

Examples of the thermoplastic resin which constitutes th non-foam film include thermoplastic polyester 
resins, liquid crystal polyester resins, polyolefin resins, polyamid resins, polyvinyl chloride resins, 
polyacrylonitril resins, polyvinylidene chl ride resins and ethyl ne-vinyl alcohol copolymers. 
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Non-foam film to be bonded may be composed f a single-lay r film or multi-layer film. The non-foam 
film may be bonded to both sides of the foam sheet. The thickness of th non-foam film layer is 10 to 500 
microns and th thickness of the sheet lay r of th expanded polyester resin is thick r, i.e., generally not 
mor than 5 mm. It is pref rred that th thickness of th foam sheet layer is 2 to 500 times that of th non- 
5 foam film layer. 

The non-foam film can be laminated onto the foam sheet by using a plurality of extruders. More 
particularly, a thermoplastic polyester resin is fed to an extruder and an expandable polyester resin is 
extruded therethrough. Separately, a thermoplastic resin is fed to other extruder and a non-expandable resin 
is extruded therethrough. These resins are guided to the same one die and combined together in the die to 
w prepare a laminated sheet. In another embodiment, the resins extruded through each extruder are fed to 
separate dies to prepare a foam sheet and a film, respectively. They are put upon each other and pressed 
through rollers to prepare a laminated sheet. 

In a still other embodiment, the foam sheet and the non-foam sheet are separately prepared and 

separately wound up into rolls. They are laminated onto each other, white unwinding, and passed through a . 

is pair of rollers to thereby laminate them. The temperature of the roller on the side of the foam sheet is 
preferably low, for example, room temperature to prevent polyester resin from being crystallized. On the 
other hand, the roller on the side of the non-foam film is kept preferably at a high temperature so as to 
soften the surface of the film. 

The laminated sheet is re-heated and thermoformed into a container. The thermoforming is carried out 
20 by using a molding die. The die may be composed of a male mold and a female mold, but may be 
composed of either one of them. When a die composed of both molds is used, molding can be carried out 
merely by putting the laminated sheet between both molds and pressing it. However, when either one of 
molds is used, air present between the sheet and the mold is removed, or the sheet is pressurized from the 
upper side thereof and pressed. The non-foam film is so arranged that the film is positioned inside the 
25 container. 

The heating temperature at which the sheet is molded into a container is determined according to the 
thermoplastic polyester resin constituting the foam sheet and the thermoplastic resin constituting the non- 
foam film. The expansion ratio of the foam sheet is increased or decreased by the heating temperature. 
Accordingly, even when a foam sheet having the same thickness is used, a difference in the thickness of 

30 the laminated sheet is caused. Further, the crystallinity of the foam sheet is accelerated depending on the 
heating temperature and the heating time. 

If the foam sheet by extrusion, which is composed of a thermoplastic polyester resin, has a crystallinity 
of 15% or more, it is excellent in heat resistance in a heating atmosphere in air. However, in the case that it 
is exposed to heated steam of 100*C or higher, since the film wall thickness of first layer cells on the 

35 surface is thin, the first layer cells are re-swollen. Further, in the case that it is used for a food container to 
heat foodstuffs such as soup and gratin, the first layer cells are re-swollen, whereby juices from the 
foodstuffs were likely penetrated into the cells. On the other hand, since in the present invention a non-foam 
film is bonded such that it is positioned inside the container, the re-swelling by heated steam or hot water 
and the penetration of juices from the foodstuffs into the cells can be prevented. 

40 The following Examples, Comparative Examples and Test Examples are provided to illustrate the 
present invention, but are not to be construed as limiting the present invention in any way. 

TEST EXAMPLE 1 

45 An experiment was carried out to examine the effects of the addition of the compound having two or 
more acid anhydride groups per molecule to the thermoplastic polyester resin on viscoelastic properties 
during melting. 

(1) Test-1 

50 

Polyethylene terephthalate (PET 9902, a product of Eastman Kodak Company) was dried at 160* C with 
hot air having a dew point of -30 • C in a dehumidifying dryer for 4 hours. 1 kg of the resulting dried material 
was mixed with 5 g of pyrometlitic dianhydride (a product of Chemische Werke HUls AG). The blend was 
fed to th hopper of a single screw xtrud r (diameter of screw: 40 mm, LTD: 30, manufactured by Sekisui 
55 Koki K.K.) equipped with a cylindrical channel die (diamet r: 5 mm, L/D: 1.6). Th molten blend was 
extruded through the cylindrical channel die at an extrusion rate of 7 kg/Hr under th following production 
conditions t carry ut molding. 
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Product! n conditions by the single screw xtrud r 



Temperature of feed zone or extruder: 
Temperature of compression zone of extruder: 
Temperature of melting zone of extruder: 
Temperature of die: 

Number of revolutions of screw of extruder: 



270 *C 
280 -C 
270 *C 
270 # C 
32 rpm 



70 



(2) Test-2 (control) 

The extrusion of polyethylene terephthalate was carried out in the same manner as in Test-1 except that 
75 pyromellitic dianhydride was omitted. 

(3) Test results 

Die swell ratio of extrudate and the melt viscosity of the molten resin in the single screw extruder are 

20 shown in Table 1 . 



25 



30 



Table 1 



Effect of the addition of pyromellitic dianhydride to polyethylene terephthalate on melt ^ 

swell ratio 


riscosity and die 


Test No. 


Amount of 
Polyethylene 
Terephthalate (g) 


Amount of Pyromellitic 
Dianhydride (g) 


Die Swell Ratio 


Melt Viscosity 
(poise) 


1 

2 


1000 
1000 


5 
0 


3.3 
1.2 


2.8X10 4 
0.8x1 0 4 



35 (4) Discussion 

K is clear from Table 1 that when pyromellitic anhydride is added to polyeftytene .f ^^^ 9 
swell rL of extrudate is increased and the mett viscosity of the morten res,n m exfrus,on .s also .ncreased. 

40 EXAMPLE 1 

10 kg of polyethylene terephthalate (PET 9902, a product of Eastman Kodak Company) w*>drtedin a 

- *i~of^ 

r^tufe amount of 2.2% by weight. The molten mixture was extruded through the nozzle d,e under 
following production conditions into air to produce a rod-shaped foam. 



so 



55 
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Production conditions with singl screw xtruder 



Temperature of feed zone of extrud r: 


273to282*C 


Temperature of compression zone of extruder: 


280 to 290 -C 


Temperature of melting zone of extruder: 


271 to290*C 


Temperature of extruder head: 


280to290*C 


Number of revolutions of screw of extruder 


32 rpm 


Extrusion rate: 


7 to 8 kg/hr 



The expansion ratio and diameter of the foam are shown in Table 2. 
EXAMPLE 2 

The procedure of Example 1 was repeated except that the amount of pyromellitic dianhydride was 30 g 
and isopentane was injected into the molten mixture in an amount of 2.5% by weight to produce a rod- 
shaped foam. 

The expansion ratio and diameter of the foam are shown in Table 2. 

20 

EXAMPLE 3 

The procedure of Example 1 was repeated except that the amount of pyromellitic dianhydride was 40 g 
and isopentane was injected into the molten mixture in an amount of 2.6% by weight to produce a rod- 
25 shaped foam. 

The expansion ratio and diameter of the foam are shown in Table 2. 

COMPARATIVE EXAMPLE 1 

30 Effect (1) of the use of pyromellitic dianhydride 

The procedure of Example 1 was repeated except that pyromellitic dianhydride was omitted and 
isopentane was injected into the molten mixture in an amount of 2.7% by weight to produce a rod-shaped 
foam. 

35 The expansion ratio and diameter of the foam are shown in Table 2. 
COMPARATIVE EXAMPLE 2 
Effect (2) of the use of pyromellitic dianhydride 

40 

The procedure of Example 1 was repeated except that 50 g of phthalic anhydride was used in place of 
20 g of pyromellitic dianhydride and isopentane was injected into the molten mixture in an amount of 2.7% 
by weight to produce a rod-shaped foam. 

The expansion ratio and diameter of the foam are shown in Table 2. 

45 



50 



55 
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Table 2 



Effect of use of pyrom llitic dianhydride 


Example No. 


Amount of Pyromellitic 
Dianhydride (g) 


Amount of 
Isopentane (%) 


Rod-shaped Foam 


Density (g/cm 3 ) 


Expansion 
Ratio (times) 


Diameter (mm) 


Example 1 


20 


22 


0.35 


4.0 


21 


Example 2 


30 


2.5 


0.18 


7.8 


27 


Example 3 


40 


2.6 


0.13 


10.8 


30 


Comp. Ex. 1 




2.7 


0.76 


1.8 


9 


Comp. Ex, 2 




2.7 


0.70 


2.0 


11 



Discussion: 

It is clear from Table 2 that in Examples 1 to 3 wherein pyromellitic dianhydride is used, expansion 
ratios are 4 to 10, the diameters of the rod-shaped foams are increased to 4 to 6 times the size of the 
nozzle did and the increasing ratio thereof is in proportion to the increase in the amount of isopentane 
injected. 

In Comparative Examples 1 and 2 wherein pyromellitic anhydride is omitted, expansion ratios are about 
2, though isopentane (blowing agent) is used in an amount larger than that in Examples 1 to 3, and the 
diameters of the rod-shaped foams are about twice as large as the bore of the nozzle die. Accordingly, both 
the expansion ratio and the diameter are smaller than those of Examples 1 to 3. 

These effects are thought to be due to the fact that when pyromellitic dianhydride is not used, the 
blowing agent isopentane is released from the foam in expansion molding, while when pyromellitic 
dianhydride is used in expansion molding, the melt viscosity of the thermoplastic polyester is increased, 
whereby gaseous isopentane (blowing agent) is not allowed to be released from the foam. 

EXAMPLE 4 

In the procedure of Example 3, the expansion molding operation was continuously carried out for 24 
hours. No change for the rod-shaped foam was observed. 

EXAMPLE 5 

In the procedure of Example 3, the expansion molding operation was carried out for 5 hours and the 
operation was then stopped for 19 hours. Thereafter, operation and stopping were repeated five times in a 
24 hour cycle. 

In any case, there could be obtained a rod-shaped foam, which was neither colored nor contaminated 
within 30 minutes from the commencement of the operation. 

COMPARATIVE EXAMPLE 3 

In Example 3, diglycidyl terephthalate (Blemmer®, a product of Nippon Oil & Fats Co., Ltd) was used in 
place of pyromellitic anhydride and isopentane was injected into the molten mixture in such an amount as 
to give a 4 g/100 g mixture. In the same manner as in Example 5, the operation was carried out. 

In the operation after the third operation, it took 90 minutes or longer until there could be obtained a 
rod-shaped foam which was neither colored nor contaminated. In the fifth operation, the foam was 
discolored yellow and contaminated with black matters after 4 hours from re-operation. 

EXAMPLE 6 

The procedure of Example 1 was repeated xcept that 50 g of cyclopentan tetracarboxylic acid 
dianhydride was used in place of 20 g of pyromellitic dianhydride to produce a rod-shaped foam. 
Th xpanston ratio of the foam was 4 and th diam ter thereof was 20 mm. 
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EXAMPLE 7 

The procedur f Example 1 was r peated xcept that 50 g of benzophen net tracarboxylic acid 
dianhydrid was used in place of 20 g of pyromellitic dianhydrid to produce a rod-shaped foam. 
The expansion ratio of the foam was 4.5 and the diameter thereof was 21 mm. 

EXAMPLE 8 

In Examples 6 and 7, the operation was carried out in the same manner as in Example 5. 
Within 30 minutes from the commencement of the operation, there could be obtained a rod-shaped 
foam which was neither colored nor contaminated in any case. 

EXAMPLES 9 to 17 

Polyethylene terephthalate given in Table 3 was dried with hot air having a dew point of -30 *C at 
160*C in a dehumidifying dryer for 4 hours. 100 parts by weight of the dried polyethylene terephthalate. 
pyromellitic dianhydride in an amount given in Table 3, a metallic compound given in Table 3 and 0.6 part 
by weight of talc (expansion nucleating agent) were mixed in a tumbling mixer. The mixture was fed to the 
hopper of a single screw extruder (diameter of screw: 40 mm. LTD: 30) equipped with a nozzle die (bore: 5 
mm). 2.0% by weight of n-pentane was injected into the molten mixture. The molten mixture was extruded 
under the following conditions to obtain a rod-shaped foam. 



Temperature of feed zone of extruder 


268to280'C 


Temperature of compression zone of extruder: 


285to290*C 


Temperature of melting zone of extruder: 


275to285*C 


Temperature of extruder head: 


275to285 # C 


Temperature of extruder die: 


275 to 285 ' C 


Number of revolutions of screw: 


32 rpm 



The expansion ratios of the foams and the state of cells are shown in Table 3. 

Fig. 8 is an electron microscopic photograph showing the state of cells of the foam prepared in 
Example 9, which is enlarged about 25 times. The cells shown in Fig. 8 were small. 

Further, Figs. 9 and 10 are electron microscopic photographs showing the states of cells of the foams 
prepared in Examples 12 and 17, respectively, which are enlarged about 25 times. The cells of the foam 
prepared in Example 17 were slightly larger than those in Example 12. 

COMPARATIVE EXAMPLE 4 

The procedure of Example 9 was repeated except that pyromellitic dianhydride and the metallic 
compound were omitted to produce a rod-shaped foam. 

The expansion ratio of the foam and the state of cells are shown in Table 3. 

EXAMPLES 18 to 20 

The procedure of Example 9 was repeated except that polyester resins, acid anhydrides and metallic 
compound given in Table 4 were used to obtain foams. 

The expansion ratios of the foams and the state of cells are shown in Table 4. 

COMPARATIVE EXAMPLE 5 

The procedure of Example 9 was repeated except that polyethylene terephthalate and diglycidyl 
terephthalate given in Table 4 were used and the metallic compound was omitted to obtain a foam. 
The expansion rati of the foam and the stat of cells are sh wn in Tabl 4. 
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70 



EXAMPLE 21 

Polyethyl n ter phthalate given in Table 5 was dn^i »*nh ^ ^ • 
100-C in a d humidifying dryer for 4 Im^nr^^^^ T^T? * ^ * * 
part by weight of «™*^ n * r Palate, 0.5 

talc (expansion nuCeaing agent) were mix^ K I^g^Z ml^^^ 
single screw extruder (diameter of screw 65 mm i/n- -J? " „ " .? was fed to the hopper of a 



/5 



20 



40 



45 



50 



Temperature of feed zone of extruder: 
Temperature of compression zone of extruder: 
Temperature of meto'ng zone of extruder: 
Temperature of extruder head: 
Temperature of extruder die: 
Injection pressure of blowing agent 
Extrusion pressure (head): 
Number of revolutions of screw: 
Extrusion rate: 



280*C 
290 -C 

280*C 

280*C 

270*C 
80 kg/cm 2 

115 kg/cm 2 
30 rpm 
24kg/hr 



. at brS 7STJ^ n ^LT' *• ~ " °* tena ' ,B C - Mi efcngation 

COMPARATIVE EXAMPLE 6 

30 in ZTZT -2 "? t ^*"— - «*•» -ntanate 

ath^a^^ 
35 COMPARATIVE EXAMPLE 7 



Temperature of feed zone of extruder: 
Temperature of compression zone of extruder: 
Temperature of melting zone of extruder: 
Temperature of extruder head: 
Temperature of extruder die: 
Injection pressure of blowing agent 
Extrusion pressure (head): 
Number of revolutions of screw: 
Extrusion rate: 



280*C 
290-C 
280-C 
285-C 

275-C 
40 kg/cm 2 
90 kg/cm 2 
25 rpm 
24kg/hr 
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TEST EXAMPLE 2 

Test Sample: Foam sheets prepared in Examples 21 and Comparative Exam pi 6 

s Test method: Dynamic visco-elastometer (manufactured by Toyo Seiki Seisakusho, Ltd.) was used. 
Complex elastic modulus of test samples [5 mm (width) x 21 mm (length) x 1.5 mm (thickness)] was 
measured under the following conditions. 
Frequency for measurement: 10 Hz 
Heating rate: 3 • C/min 

io Distance between clamps: 15 mm 
The results are shown in Rg. 5. 

Discussion: 

is Complex elastic modulus of the foam sheet of Example 21 is higher than that of the foam sheet of 
Comparative Example 6. Hence, it can be understood that the heat resistance of the foam sheet obtained by 
using pyromellitic dianhydride and sodium carbonate is high. 

The process for producing the thermoplastic polyester resin foam by re-heating is illustrated by means 
of the following Examples and Comparative Examples. Parts and percent given below are by weight unless 

20 otherwise stated. 

EXAMPLE 22 

Pre-expansion (primary expansion): 

25 

TR8580 (trade name, a product of Teijin Limited) was used as polyethylene terephthalate (hereinafter 
referred to as PET). 

PET was placed in a dehumidifying dryer and dried at 160 • C for 4 hours while circulating hot air having 
a dew point of -30* C. 100 parts of PET. 0.6 part of talc, 0.35 part of pyromellitic dianhydride and 0.1 part of 

30 sodium carbonate were thoroughly mixed in a tumbling mixer. The mixture was fed to an extruder (diameter 
of screw: 65 mm, UO: 35) and thoroughly mixed at a screw revolution number of 25 rpm and at a barrel 
temperature of 270 to 290 *C. 1.3 parts of butane as a blowing agent per 100 parts of the mixture was 
introduced into the mixture under pressure on the way of the barrel. PET containing the blowing agent was 
extruded through the circular die into air to produce a tube. The die had a circular die gap of 0.4 mm and a 

35 bore of 60 mm and was kept at 270 to 285 *C. PET extruded into air was expanded and the tube as 
extruded was taken off while bringing it into contact with the outer surface of a cylindrical mandrel. The 
mandrel had an outer diameter of 205 mm and cooling water at 30 *C was circulated inside the mandrel so 
that the PET foam was quenched. The quenched PET foam was cut open and the resulting flat foam sheet 
was wound up and referred to as pre-expanded foam sheet (primarily expanded foam sheet). The foam 

40 sheet was 643 mm in width and had an apparent density (hereinafter referred to simply as density) of 0.26 
g/cm 3 , a thickness of 1 .5 mm and a crystallinity of 9%. 

Post-expansion (secondary expansion): 

45 A piece of 100 mm x 100 mm was cut off from the above pre-expanded foam sheet and subjected to 
post-expansion. The post expansion was carried out by immersing the piece in warm water at 63 • C for 5 
minutes as shown in Rg. 1 . The thickness was expanded from 1 .5 mm to 2.1 mm. The ratio V2 /V1 of the 
volume (V 2 ) of the post-expanded foam sheet to the volume (Vi ) of the pre-expanded foam sheet was 1 .37. 
The post-expanded foam sheet had a density of 0.19 g/cm 3 and a crystallinity of 9%. The post-expanded 

50 foam sheet was finely expanded and found to be a good foam. 

EXAMPLE 23 

The same pre-expanded foam sheet as that obtained in Exampl 22 was used and post xpansion was 
55 carried in the same way as in Example 22 except that the temperature of warm water was 83 *C and 
imm rsion was conducted for 5 minutes. 

There was obtained a post-expanded foam sheet which had a thickness of 3.02 mm* a d nsity of 0.13 
g/cm 3 and a crystallinity of 10%. The ratio V2N1 was 2.00. The foam sheet was fin ly, uniformly expanded, 
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had a low density and was found to be a good foam. 
EXAMPLE 24 

5 The same pre-expanded foam sheet as that obtained in Example 22 was used and post expansion was 
carried out by bringing the sheet into contact with steam as shown in Fig. 2. Namely, post expansion was 
carried out by bringing the sheet into contact with steam at 62* C for 5 minutes. 

There was obtained a post-expanded foam sheet which had a thickness of 2.51 mm and a density of 
0.16 g/cm 3 . The ratio V 2 /Vi was 1.63. 

w 

EXAMPLE 25 

The procedure of Example 24 was repeated except that the temperature of steam for post expansion 
was 75-C. 

75 There was obtained a post-expanded foam sheet which had a thickness of 2.73 mm and a density of 
0.14 g/cm 3 . The ratio V 2 /Vj was 1.86. 

EXAMPLE 26 

20 The procedure of Example 24 was repeated except that the temperature of steam was 100*C and the 
contact time was 0.5 minute in the post expansion. 

There was obtained a post-expanded foam sheet which had a thickness of 2.78 mm, a density of 0.14 
g/cm 3 and a crystallinity of 10%. The ratio V 2 /Vi was 1.86. 

25 EXAMPLE 27 

The procedure of Example 26 was repeated except that post expansion was carried out by bringing the 
sheet into contact with steam at 100*C for 2 minutes as shown in Fig. 2. 

There was obtained a post-expanded foam sheet which had a thickness of 3.92 mm, a density of 0.10 
30 g/cm 3 and a crystallinity of 16%. The ratio V 2 /Vi was 2.60. 

EXAMPLE 28 

The procedure of Example 26 was repeated except that post expansion was carried out by bringing the 
35 sheet into contact with steam at 100 • C for 5 minutes. 

There was obtained a post-expanded foam sheet which had a thickness of 5.63 mm, a density of 0.065 
g/cm 3 and a crystallinity of 26%. The ratio V 2 /Vi was 3.77. 

EXAMPLE 29 

40 

The procedure of Example 26 was repeated except that post expansion was carried out by bringing the 
sheet into contact with steam at 100 • C for 7 minutes. 

There was obtained a post-expanded foam sheet which had a thickness of 5.96 mm and a density of 
0.065 g/cm 3 . The ratio V2/V1 was 4.00. 

45 

EXAMPLE 30 

Post expansion was carried out in the same manner as in Example 29 by bringing the sheet into contact 
with steam at 100* C for 7 minutes except that post expansion was carried out by placing a pre-expanded 
so foam of 200 mm x 280 mm in an aluminum mold of 210 mm x 290 mm x 5 mm. 

There was obtained a post-expanded foam sheet which had a thickness of 5.00 mm and a density of 
0.078 g/cm 3 . The ratio V 2 /Vi was 3.33. The sheet obtained was a flat foam sheet. 

EXAMPLE 31 

55 

The same pre-expanded foam sheet as that obtained in Exampl 22 was used and post expansion was 
carried out by blowing pressurized steam as shown in Fig. 3. Namely, post xpansi n was carried by 
bringing th sheet into contact with steam at 1 10 * C for 3 minutes. 



18 



EP 0 547 033 A2 



There was obtained a post-expanded foam sheet which had a thickness of 3.41 mm and a density of 
0.11 g/cm 3 . Th ratio V2/V1 was 2.36. 

EXAMPLE 32 

5 

The procedure of Example 31 was repeated except that post expansion was carried out by bringing the 
sheet into contact with steam at 120* C for 0.5 minute. 

There was obtained a post-expanded foam sheet which had a thickness of 3.00 mm and a density of 
0.13 g/cm 3 . The ratio V 2 /Vi was 2.00. 

70 

EXAMPLE 33 

Pre-expansion was carried out in the same manner as in Example 22 except that carbon dioxide was 
used as the blowing agent in place of butane and the amount of carbon dioxide was 1.1 parts. The resulting 
75 pre-expanded foam sheet was 643 mm in width and had a density of 0.26 g/cm 3 , a thickness of 1.5 mm and 
a crystailinity of 9%. 

Post expansion was carried out in the same manner as in Example 28 to obtain a post-expanded foam 
sheet which had a thickness of 3.00 mm and a density of 0.13 g/cm 3 . The ratio V 2 /Vi was 2.00. 

20 EXAMPLE 34 

The procedure of Example 22 was repeated except that post expansion was carried out by using hot air 
at 80* C in place of warm water at 63*0 and bringing the sheet into contact with hot air for 5 minutes to 
obtain a post-expanded foam sheet. 
25 The post-expanded foam sheet was 2.1 mm in thickness and had a density of 0.19 g/cm 3 and a 
crystailinity of 10%. The ratio V 2 /Vi was 1.37. 

EXAMPLE 35 

30 The procedure of Example 34 was repeated except that the temperature of hot air in the post expansion 
was 100 * C to obtain a post-expanded foam sheet. 

The post-expanded foam sheet had a thickness of 2.6 mm, a density of 0.15 g/cm 3 and a crystailinity of 
10%. The ratio V 2 /Vi was 1.73. 

55 EXAMPLE 36 

The procedure of Example 34 was repeated except that the temperature of hot air in the post expansion 
was 1 10 * C to obtain a post-expanded foam sheet. 

The post-expanded foam sheet had a thickness of 2.8 mm, a density of 0.14 g/cm 3 and a crystailinity of 
40 12%. The ratio V 2 /Vi was 1 .86. 

EXAMPLE 37 

The procedure of Example 34 was repeated except that the temperature of hot air in the post expansion 
45 was 140* C to obtain a post-expanded foam sheet. 

The post-expanded foam sheet had a thickness of 3.01 mm, a density of 0.13 g/cm 3 and a crystailinity 
of 25%. The ratio V 2 /Vi was 2.00. 

EXAMPLE 38 

50 

The procedure of Example 34 was repeated except that the temperature of hot air in the post expansion 
was 230 *C to obtain a post-expanded foam sheet. 

The post-expanded foam sheet had a thickness of 4.04 mm, a density of 0.097 g/cm 3 and a crystailinity 
of 26%. The ratio V 2 /Vi was 2.68. 
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EXAMPLE 39 
Pre-expansion: 

5 Pre-expansion was carried out in the same manner as in Example 22 except that the die provided at the 
extruder head was changed from the circular die to a flat die and a flat plate was used in place of the 
mandrel. The flat die had a straight line-form extrusion opening having a width of 150 mm and a gap of 0.7 
mm. The flat plate was an aluminum plate of 500x500 mm which was cooled with water at 30 *C. The foam 
sheet was extruded between the aluminum plates, whereby the extruded foam sheet was quenched. In this 

70 way, a pre-expanded foam sheet was obtained. The foam sheet had a width of 200 mm, a thickness of 5 
mm, a density of 0.52 g/cm 3 and a crystallinity of 12%. 

Post expansion: 

75 Post expansion was carried out in the same manner as in Example 29 by bringing the above pre- 
expanded foam sheet into contact with steam at 100*C for 7 minutes. There was obtained a post-expanded 
foam sheet which had a thickness of 12.5 mm and a density of 0.204 g/cm 3 . The ratio V 2 /Vi was 2.55. 

EXAMPLE 40 

20 

Pre-expansion was carried out in the same manner as in Example 39 except that the temperature of the 
aluminum plates was slightly elevated and the cooling rate of the foam sheet was slightly smaller than that 
in Example 39 to obtain a pre-expanded foam sheet. The width, thickness and density of the foam sheet 
were the same as those of the sheet of Example 39. However, the crystallinity was 25%. 

25 

Post expansion: 

Post expansion was carried out in the same manner as in Example 39 to obtain a post-expanded foam 
sheet which had a thickness of 11.0 mm and a density of 0.232 g/cm 3 . The ratio V 2 /Vi was 2.24. 

30 

COMPARATIVE EXAMPLE 8 

The procedure of Example 22 was repeated except that post expansion was carried out by using hot air 
at 60* C in place of warm water at 63* C and bringing the sheet into contact with hot air for 5 minutes to 
35 obtain a post-expanded foam sheet. 

The post-expanded foam sheet had a thickness of 1.5 mm and a density of 0.26 g/cm 3 . The ratio V 2 /Vi 
was 1.00. Accordingly, the post expansion did substantially not take place. 

COMPARATIVE EXAMPLE 9 

40 

The procedure of Example 22 was repealed except that the temperature of water in the post expansion 
was lowered to 53 * C to obtain a post-expanded foam sheet. 

The post-expanded foam sheet had a thickness of 1.5 mm and a density of 0.26 g/cm 3 . The ratio V 2 /Vi 
was 1.00 as in Comparative Example 8. Accordingly, the post expansion did substantially not take place. 

45 

COMPARATIVE EXAMPLE 10 

The procedure of Example 24 was repeated except that the temperature of steam in the post expansion 
was lowered to 58 *C to obtain a post-expanded foam sheet, 
so The post-expanded foam sheet had a thickness of 1.5 mm and a density of 0.26 g/cm 3 . The ratio V2/V1 
was 1 .00. Accordingly, the post expansion did substantially take place. 

COMPARATIVE EXAMPLE 11 

55 Pre-expansion was carried out in the sam manner as in Example 40 xcept that th temperature of the 
aluminum plates was raised to a temperature higher than that of Exampl 40 and the cooling rate of the 
xtruded sheet was small r than that of Exampl 40 to obtain a pre-expanded foam sheet. The width, 
thickness and d ns'rty of the foam sheet w r th sam as those of th foam sheet of Exampl 40, but th 
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^^stTas^ed out by bringing th expanded loam sheet into contact wrth steam at 
100-C for 7 minutes to obtain a post-expanded foam sheet which had a thickness of 5 mm and a dnsrty of 
0.52 g/cm3. Th ratio V 2 /V, was 1 .00. Accordingly, th post xpansion did substantoally not tak place. 

EXAMPLE 41 

In this Example, the pre^xpansion and the post expansion were continuously carried out as shown in 
Rg 4 In Rg. 4. an extruder 5 worked in the same manner as in the pre-expans,or .of Example .22 and 
continuously delivered a pre^xpanded foam sheet Without winding up the pr^xp^ foam sheet, the 
sheet was successively introduced into a steam tank 6. The temperature of the surface of the sheet was 
tolSrWto 30-C before it was introduced into the steam tank 6. In Rg. 4. a numeral 10 means a w.nd,ng 

maC T^ e 'pn«xpanded foam sheet was brought into contact with steam at 100' C in the steam tank 6 for 5 
minutes to carry out post expansion. The sheet was then cooled. 

teTeSZg Expanded foam sheet had a width of 645 mm. a density of 0.07 fl/cm' and a 
thickness of 5.5 mmand was a low^ensity fine sheet which was expanded at a h,gh expans.on ratio and 
had fine, uniform cells. 

20 EXAMPLE 42 

100 parts of polyethylene terephthalate pellets (trade name: TR8580. manufactured by Teijin Umited) 
was ZTwrm hot air having a dew point of -20-C at 160'C for 5 hours. 0.3 part of p^efotic 
dianhydride. 0.1 part of sodium carbonate and 0.6 part of talc as an expans.on nucleating agerrtwere 
uSnly mixed wflh the pellets in a tumbling mixer. The mixture was fed to the hopper of an extruder 
(screw diameter: 65 mm, L/D: 35). oc^.p H in 

Cylinder temperature was 265 to 290 -C, the temperature of the extruder head was 265 C. d,e 
temperature was 265 -C and number of revolutions of screw was 25 rpm. 2.4% by we.ght of butane as a 
blowing agent was introduced into the mixture under pressure on the way of the cylinder. 

Die used was a circular die having a diameter of 60 mm and a circular die gap of 0.45 mm. A tube was 
extruded through the port of the die into air and molded into a cylindrical form by means of a cyhndncaU 
mtZ. white expanding the molten resin and taking off the tube^Part of the ~ 
cut open and the resulting sheet was wound up. In this case, surface temperature was kept at 20 C wh.le 
circulating cooling water in the cylindrical mandrel. . ,. o , 1 R 

The resulting foam sheet had a density (D1) of 0.225 g/cm*. a width of 640 mm and a th.ckness of 1.6 
mm The sheet had a crystallinity of 9.7% and a glass transition temperature of 75-C. 

A repeating treatment was carried out by contacting the sheet with heating for 30 seconds by using a 
hot plate having a surface temperature of 160 • C. There was obtained a post-expanded foarnsheet havinga 
Z£»m of 0.133 g/cm3 and a thickness of 2.7 mm. The ratio of D1/D2 by the heat treafrnent was im 
TTZstal nity of the sheet was 24.3%. A sample of 100x100 mm was cut off from the sheet and heated 
2aS?I ™ lltant temperature bath for 30 minutes. The ratio W of the volume (VJ after heating to 
the volume (V b ) before heating was 1 .02. ft was found that the sheet was excellent in heat resistance. 

EXAMPLE 43 

100 parts of polyethylene terephthalate pellets (trade name: PET10388 rn^ufactured by Eastman 
Kodak Company) was dried with hot air having a dew point of - 20- C at 160-C. The dned pel ets 0.25 part 
of diglycidyl terephthalate (Blemmer® DGT manufactured by Nippon Oil & Fats Co.. Ltd.). 0.1 part ot 
sodium montanate and 0.6 part of talc as an expansion nucleating agent were uniformly mixed in a tumbling 
mater. The mixture was fed to the hopper of the same extruder as that used in Example 42. 

The cylinder temperature was 280 to 290 -C, the temperature of the extruder head was 290 C the die 
temperature was 290 • C and the number of revolutions of screw was 25 rpm. 2.2% by weight of pentane as 
a blowing agent was pressure-fed to the mixture on the way of the cylinder. 

t ing foam sheet had a density (D1) of 0.242 g/cm3. a width of 640 mm and a thickness of 17 
mm The crystallinity of the sheet was 10.6% and the glass transition t mperatur thereof was 76 C. 

A re-heating treatment was carried out by contacting th sheet with heating . fo ' » ^* 
hotplat having a surface tmperature of 160-C. Th resulting sheet had a density <D2) ol 0147 gtort»«l 
a thfckness of 2.8 mm. Th ratio D1/D2 by the heat treatm nt was 1.65. The crystallinity of the post- 
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expanded foam sheet was 24.4%. A sample f 100x100 mm was cut off from th sheet and heated at 
200* C in a constant temperature bath for 30 minutes. The ratio V 2 M was 1.02. 



EXAMPLE 44 
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The extruded foam sheet obtained in Example 42 was contacted with heating for 
bath for 30 minutes. The ratio Va/V b was 1 .06. 



EXAMPLE 45 



The extruded foam sheet obtained in Example 42 was heated with steam having a vapor P^reoM 
atm ta Seconds to obtain a foam sheet having a density <D2) of 0.157 g/crrr* and a *K*ness of 2* mm. 
T> aifo^bV^s hating was 1 .43. The crystalling of the post-expanded foam sheet was 24.3S, 

I TSmpteof /oTloTmm was cut off from the sheet and heated at 200 -C in a constant temperature 
bath for 30 minutes. The ratio V 2 /Vi was 059. 

COMPARATIVE EXAMPLE 12 

A sample of 100x100 mm was cut off from the foam sheet which was extruded Example 42- The 
crystal 9-7%. The sample was heated at 200 -C in a ^J^XT^^^^ 
The ratio VJV b was 1.74. Heat treatment after extrusion was not made. Hence, the sheet was poor in near 
resistance and greatly deformed. 

COMPARATIVE EXAMPLE 13 

The extruded foam sheet obtained in Example 42 was heated with a hot plate having a surface 
temr^r^ 140-C for 10 seconds to obtain a post-expanded foam sheet The crysta.l.nrty was13.1%- 
tTS h£ uL#* of 0.114 g/mo. and a thickness of 3.15 mm. The ratio D1/D2 by th,s heating was 

1 ' 9? A sample of 100x100 mm was cut off from the sheet and heated at 200' C in a constant temperature 

^™ExTr42 v ^; 
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sheets of thermoplastic polyester resins and th thermotormabilrty thereof. 
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EXAMPLES 46 TO 49 AND COMPARATIVE EXAMPLES 14 TO 16 



Th production unit of extrusion foam sheets, which was used in these xamples and comparativ 
examples was a singl screw xtrud r (scr w diameter: 65 mm, L/D: 35). The xtrusion die was a circular 
5 die (bore: 60 mm), and the circular die gap of the extrusion die was changed as shown in Table 9. 

The cylindrical mandrel was a water-cooled mandrel (outer diameter: 205 mm. LTD: 1 .5). 

In the compositions of extrusion foam sheets used in these examples and comparative examples, 100 
parts by weight of polyethylene terephthalate (PET) was used as the thermoplastic polyester resin. The 
resin grade was changed as shown in Table 8. 0.6 part by weight of talc was used as the expansion 
w nucleating agent per 100 parts by weight of PET. Melt property modifiers and metallic compounds used 
together with the modifiers were changed as shown in Table 8. Liquefied butane was used as the blowing 
agent in an amount given in Table 8. 

Extrusion foam sheets used in Examples 46 to 49 and Comparative Examples 14 to 16 were produced 
in the following manner. 

75 Polyethylene terephthalate was dried in a dehumidifying drier (160*C, dew point of -30 *C) for 4 hours. 
Predetermined amounts of polyethylene terephthalate, modifier, metallic compound and talc were mixed in 
a tumbling mixer. The mixture was fed to the extruder hopper and melt-mixed. Liquefied butane as the 
blowing agent was injected into the mixture on the way of the extruder. The mixture was extruded through 
the circular bore of the circular die into air in the form of a tube. The extrudate was taken while expanding 

20 the molten resin, and the foam was cooled by bringing it into contact with the outer surface of the cylindrical 
mandrel to shape it into a cylinder. Part of the cylindrical foam was cut open and wound up as the foam 
sheet 

The manufacturing conditions of the extrusion foam sheets used in these examples and comparative 
examples were as follows. 

25 Temperature of feed zone of extruder: 275 to 285 " C, temperature of compression zone of extruder: 285 
to 295 *C, temperature of melting zone of extruder: 265 to 285 •C, temperature of extruder head: 265 to 
285 *C, temperature of circular die: 260 to 285 'C, injection pressure of blowing agent: 40 to 140 kg/cm 3 , 
and extrusion pressure (head pressure): 50 to 120 kg/cm 3 . The number of revolutions of screw and take-off 
speed are shown in Table 9. 

do The resulting foam sheets were 640 to 643 mm in width. The apparent density, thickness, crystallinrty 
and molecular orientation ratio thereof are shown in Table 10. 

The post thermoformer and thermoforming conditions of the extrusion foam sheets which were used for 
evaluation in these examples and comparative examples, were as follows. 

The post thermoformer was a one-shot molding machine for expanded polystyrene, which had a heating 

as zone with infrared radiation and a press part with air cylinder. The molding tool was a pJag-assist press tool 
(bore: 180 mm x 155 mm, depth: 95 mm) for container. Molding conditions were such that 360x360 mm 
foam sheets were heated at 175* C in the heating zone for 15 seconds and immediately thereafter, 
contacted with the thermoformer for 25 seconds to effect the molding. 
The resulting molded articles were evaluated by the following criteria. 

40 

Appearance 



O: The whole of sheet was uniformly extended, could be molded into the same shape as that of 
press tool and not broken. 

45 A: Sheet which could be molded into the same shape as that of press tool, but part of surface was 
broken and cracks were formed. 
X: Sheet which was greatly broken and could not be molded. 

Thickness Ratio 

50 

The ratio of the thickness of the bottom of the molded article to that of sidewall thereof. The mark "-" 
shows that the article is greatly broken and measurement cannot be made. 

Surface Profile 

55 

O: The surface of the molded article was smooth. 

A: The surface was partly uneven. 

X: The surface was considerably uneven. 
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Overall Evaluation 

Evaluation was made as a whole by taking all of th surface profile of the extrusion foam sheet and the 
appearance and thickn ss of th post thermoformed articl into consideration. 
©: Particularly superior 
O: Superior 
X: Bad 

The results are shown in Table 11 . 



TO 



75 



20 



25 



30 



35 



40 



45 



50 



55 



26 



EP 0 547 033 A2 



c 

i 



o 

Jj 
JJ 



TO 



75 



20 



25 



30 



35 



C 

o 
o 

6 

o 
a 



as 

JJ 



c 

2 t:^ 



CO 

a> 
co 



2. SI 



>1 



Si 



45 



jj 
(0 

rH 
(0 

.c 
jj 

jc 
o 

0) 
M 

a> 
c 



> 

JJ 
0) 



CO 
U 

O 



I 

p w 
c 

CO 



•i 



CO 
CO 

m 



O 

JJ 
JJ 



O 
JJ 
Jj 

•o 



o 

JJ 
4J 
•H 



o 
JJ 
JJ 



O 
JJ 
JJ 



o 
JJ 



m 
o 



O 
jj 
jj 



w 
Pt 



c >i 

CO J* C 

B io s 

JJ T5 Oi 

01 O E 

co atf o 

pa u 



a) 



Ss 



* r * jj ^; 

4J 



O g 
•° PS 



o 5« 

j-> 

jj 

* *3 



CO © 
CO 
O 

JJ JJ 

O 
C C 

*M 5n 
c0 X 
u O 

JJ Pi 
0) a) 



o 

GO 

in 
co 

PC 



O 
JJ 
JJ 



3 M 



o 

JJ 



o 
JJ 
JJ 

'O 



50 



CO 
X 
W 



o 
u 



55 



27 



EP 0 547 033 A2 



cu 

D O 

I — • 
» 4J 
O CO 



m cm 
vo ^ 



to 



cm m 



70 



09 



VO CO 

,H rH CM 



CM 



ox 

CM 



00 



CM 



75 



20 



C 

o 

X 

m 



u 



CM CM 



rH rH CM 
CM CM CM 



25 



o\ 

0) 

iH 

m 



£-3 



m 
o 



rH O 



o 



o 



30 



£4 



m 
vo 
cm 



o 

CO 
CM 



O 

CM 



in 
vo 

CM 



CO 
CM 



o 

VO 
CM 



o 

CM 



35 



40 



45 



M 

"I 

o 

§ 3° 

OS Q 

CO 



o o o 

x> x> 

in ±, u u 

CM ^ 

•O 'O 



GO 



o o 



in vo 



X 

w 



50 



(0 
X 
W 



o 
u 



55 



28 



EP 0 547 033 A2 

Table 10 





Apparent Density (g/cm 3 ) 


Thickness (mm) 


Crystallinity (%) 


Molecular Orientation Ratio 


Example 46 

"47 

"48 

"49 
Comp. Ex. 14 

"15 

" 16 


0.19 
0.18 
0.16 
0.63 
0.19 
023 
0.18 


1.5 
1.7 
2.6 
1.2 
2.0 
2.0 
1.7 


10 
11 
18 
7 
11 
10 
22 


1.82 
1.73 
1.37 
4.27 
4.88 
5.36 
1.70 



Table 11 





Appearance of Molded Article 


Thickness Ratio 
of Molded Article 


Surface Profile of 
Molded Article 


Overall Evaluation 


Example 46 

"47 

"48 

"49 
Comp. Ex. 14 

"15 

"16 


O 

O 

O 

O 
X 
X 

A 


1.2 
1.3 
1.5 
1.3 

1.5 


O 
O 
A 
O 
O 
A 
X 


® 
O 
O 

o 

X 
X 
X 



Molecular orientation ratio can be adjusted by takeoff speed and blow-up ratio, since when the takeoff 
JSTZZ^^Z**. the sheet is orientated in the MD direction, while when the blow-up rate « 

bVproperly adjusted only by the controlling of takeoff speed and blow-up rate. In th.s case, 
temperature is elevated (Example 47, Comparative Example 15). 

Motecuiar orientation ratio can be lowered by reducing the amount of the mett property modifier 

"weTKwering the temperature of cooling water for cylindrical mandreL 
^efrtl^ner of the present invention is illustrated by means of the fo.low.ng examples and 
comparative examples. Parts given below are by weight unless otherwise stated. 



EXAMPLE 50 

,„ this Example, the same thermoplastic polyester resin was used for both foam sheet and non-foam 
Too parts of polyene terephthalate pellets (trade name: £JJ 

277-C. About 1.0% by weight of butane as a blowing agent was pressure-fed to the mixture on the way of 

*" A dThaving a circular gap was provided at the head of the extruder. The polyester resin containing 
butane througVthe circular gap into a cylindrical shape. The extrudate was allowed* 

SSd w a cyfindrical mandrel, while expanding the resin, to obtain a foam sheet. The cyhndncal foam 
^aT^otn^ th resuWng flat sheet was wound up into a roll. The resulting foam sheet had a 

J ISSfSZl th rmoplastic resin film. This film and the ^^^^J^^ 

eachoth r in layers and put between a pair of roll rs to laminate them onto each other. Th temperature of 
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ft roll r on the side of th foam sheet was room t mperatur . whil th temperatur «*°<°"< ° n *° 
L-Ln sheet was set to 135-C. In this way, there was obtained a laminated sheet m wh,ch th non-foam 
Qhnnt was bonded to only one sid of th foam sheet. 

aZS naving a siz of 250x250 mm was cut off from the laminated sheet and preheated by 
Ji££ sample into contact with a hot plate having a surface temperature of 140-C for 6 second. 
SucSSivX. the preheated sample was put between a male die heated to 180-C and a female *he*d 
to^C for 6 seconds to thereby mold it into a container and at the same 
crystallization. Immediately thereafter, the molded article was put between a mate * «? ■ * 
room temperature for 6 seconds to cool it, said dies having the same shapes as those of the dies heated to 
I^C ^nTmolding was conducted in such a manner that the non-foam film layer was posrboned ,ns.de 

the container. The resulting container had a shape as shown in Rg. 6 and 7. 

Rg. 6 shows a side view of the resulting container 7. Rg. 7 shows a plane vjew of the contamer 7. 

In this molding, the composite sheet increased in expansion ratio and the th.ckness of the bottom of the 

^TJoTwT waJp^nto the container 7 and a lid was put thereon. The container was se^so that 
water did not teak therefrom. The container was placed in a 500 W microwave oven and heated for3 
Sis to "ST water to boil. Immediately after heating, the confer could ^^J^ 
microwave oven with bare hands. The container did not cause any change by the heating. To make sure, 
rSTeTof ^bottom of the container was measured. ft was found that the ftfckne* *e bottom 
wL 395 mm. The container in the heating within the microwave oven increased .n th.ckness only by 4A. 
Accordingly, it could be considered that no deformation was substantially caused. 

EXAMPLE 51 

The foam sheet obtained in Example 50 was used, a polypropylene resin film of J00 u 
used as the non-foam film and an ethylene-vinyl acetate copolymer resin was used as the adhes.ve to 

'^SeTme por^ropylene resin film was coated with the eftytene-viny. aetata co^ymer resir. 
The old side of the film was placed on the polyester resin foam sheet obtamed m Bcampte 50l They 
wSe^aSd through a pair of rollers to laminate them. The temperature of the roller or. the sdeof the foam 
sC wTmom temperature, white the temperature of the roller on the side of the non-foam film was 

125 A C sampte of 250x250 mm was cut off from the laminated sheet obtained aoove and predated by 
bringing the foam sheet side into contact with a hot plate having a surface temperature of 140 .C and 
sTmulteL>usty bringing the non-foam film side into contact with a hot plate havng a surface temperatore 
Tr^r^coTLx^ety. the preheated sheet was put *^™^^*JT * 
B seconds in such a manner that the foam sheet side was contacted wrth the female die heated to 140C 
andtt^n-foam film side was contacted with the male die heated to 100 • C, whereby the composrte sheet 
c^ld be mSed l a container which was the same as that of Example 50 and atfte .same tm* 
was acceterated. .mmediately thereafter, the container was put between two d.es^room 
Sr. wrature for 6 seconds to cool it, said two dies having the same shapes as those of the dies heated. The 
mXg^m^ so that the non-foam film was positioned inside the container. The foam sheet was 
swollen by this molding and the thickness of the bottom of the container became 254 mnv 

in the same way as in Example 50. water was put into the resulting contamer. Theconta,ner was heated 
in the mfcrowave oven, immediately after heating, the container could be taken out wift b^ hands, ft was 
found that no deformation was caused after heating. To make sure, the thickness of the bottom of the 
ZSrTwas measured. The bottom was 3.05 mm in thickness. An increase m th.ckness was only 4%. 
Accordingly, it could be considered that the container could withstand heating by m.crowave oven. 

50 EXAMPLE 52 

The foam sheet obtained in Example 50 was used and a polyethylene terephftalate ^ film oil 50 u 
in thickness was used as the non-foam film. They were laminated onto each other wrthout usmg any 
Z^Z S Sn a composite sheet. The teminating of ft film was carried out by usmg a par of ro«ers m 
55 whiTTh temperatur oTthe roller nth sid of th foam sheet was room t mperature and the 

temperatur of th roller on the sid of the non-foam film was 155 -C. 

Asampl of 250x250 mm was cut off from th laminated sheet. In the same way as .n Exampl 50, a 
contain r was or pared from the sampl .The thickness of th bottom of th contam r was swollen to 4.39 
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"""water was placed in the container. Th container was heated in the microwave ov n in In same way 
as TSmT immediately ^er heating, the container could ^^^.^ 
hands. It was found that th contain ^ ^ J 

of the bottom of the container was measured and the thickness was 4.44 mm. mm* 

small as only 1%. 
EXAMPLE 53 

thb nmcedure of Example 52 was repeated except that a polybutylene terephthalate resin film oT 30 11 
in ftS^^X* the po.Syiene terephthalate resin film. The thickness of the bottom of 

*• XXXZZ^'S* be taken out from the microwave oven with bare hand, »wa. found 
that^TcoSntSen out was not deformed as compared with that before heating. The 
b^oToTS container after heating was measured. The thickness of the bottom was 4.34 mm. The 

deformation ratio of the thickness was only 3%. 

COMPARATIVE EXAMPLE 17 

^tf ttTsa^ way'as in Example 50, water was placed in the container and the container was heated in 

weretamed on the inner surface thereof. The thickness of the bottom of the container after heabng was 
were ^eoon tne inn« showed an increase of as large as 19% in 

35 heating in the microwave oven. 
COMPARATIVE EXAMPLE 18 

In this Comparative Example, the foam sheet of polystyrene was used and the nofrfoamWm ol f the 
« thern^iSTester resin was used. They were laminated onto each other by using . J**-™"* 

a* thpm was carried out bv using a pair of rollers heated to 150*C. _ m * u . _ 

A^dTS Sux250 mm was cut off from the laminated sheet and preheated by bnng.ngrt.nto 
zJZ^ZJ^to 140-C for 8 seconds. Immediately thereafter, the sheet was put between 
TTsZ^^^re for 6 seconds to coo. «. There was obtair^ a container 
naming ^ s^me sC as that of the container of Example 50. The container ^ W^"f ' 
iTnertatT non^am film was positioned inside the container. The thickness of the bottom of the 

Urease of 16% in thickness. H nee, it was considered that th contain r was not surted for use in th 
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micr wave ven. 

As stated abov . th present invention has the following effects. 

Th foams of th th neoplastic polyester resins are those having fine cells uniformly dispersed th rem. 
Th foams of the present invention ar xcell nt in rigidity and heat r sistance. though th y are 
lightweight. Further, the foams have high tensile strength and high tensile elongation at break. 

The foams give molded foams having a higher expansion ratio and much fine cells uniformly dispersed 

therein when re-heated. 

The extrusion foam sheets of the present invention are excellent in thermoformabiirry. 
Food containers thermoformed can be used in dual ovenable applications. 

While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that various changes and modifications can be made therein wrthout 
departing from the spirit and scope thereof. 

Claims 

1 A food container produced by laminating a non-foam film of a thermoplastic resin on at least one side 
of the foam sheet of a thermoplastic polyester resin having a degree of crystallinrry of 15% or more to 
obtain a laminated sheet, and molding the laminated sheet into a container in such a manner that the 
non-foam film is positioned inside the container. 

A food container as claimed in claim 1, wherein said non-foam film is prepared from thermoplastic 
polyester resins, liquid crystal polyester resins, polyolefin resins, polyamide resins, polyvinyl chloride 
resins, polyacrylonitrile resins, polyvinylidene chloride resins or ethylene^inyl alcohol copolymers. 

A food container as claimed in claim 1 or 2, wherein said container is prepared by thermoforming a 
laminated sheet having a thickness of 0.5 to 5 mm. 

A food container as claimed in any preceding claim, wherein the density of the foam is brought to not 
higher than 0.5 g/cm 3 by thermoforming the laminated sheet. 

A food container as claimed in any preceding claim, wherein the foam sheet is produced by meWng the 
thermoplastic polyester resin, mixing the molten resin with a blowing agent and extruding the mixture 
into a low-pressure zone to carry out foaming and to form the foam sheet, and wherein a compound 
having two or more acid anhydride groups per molecule is added to the thermoplastic polyester resin. 

A food container as claimed in claim 5. wherein said compound having two or more acid anhydride 
groups per molecule is used in an amount of 0.05 to 5 parts by weight per 100 parts by weight of the 
thermoplastic polyester resin. 

A food container as claimed in daim 5 or 6, wherein said compound having two or more add anhydride 
groups per molecule is pyromellitic dianhydride. benzophenonetetracarboxylic dianhydnde. cydopen- 
tanetetracarboxylic dianhydride. diphenyl surfone tetracarboxylic dianhydride or 5K2,*dioxotetrahydro- 
3-furanyl)-3-methyl-3-cydohexen-1 ,2-dicarboxylic dianhydride. 

A food container as claimed in any preceding claim, wherein said thermoplastic polyester resin is 
polyethylene terephthalate. polybutytene terephthalate, polybutylene terephthalate elastomer, an amor- 
phous polyester, polycydohexane terephthalate, polyethylene naphthalate or a mixture thereof. 
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